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Cocahie increases niyocardial oxygen demand and paraa- 
do&ally decreases oxygen stipply by duct co~ry 
blood flow. Such “inappropriate” vasoconstriction also 
occurs with exercise, which causes intense vasosonstriction 
of achy ~~te~~ ~~e~~ nar~w~ by at~~~~sis. 
This study was done to assess the coc&e-induced change in 
vasomotor tone of diseased and nondiseased coronary ar- 
tery segments. 
In 18 patients (W men, 3 women, aged 35 to 67 years), 
coronary artery areas in diseased and nondiseased @ 
men& were qu~t~~t~ 0~ and 15 min &er adm~n~- 
tration of intranasal sal!ne solution (Q patients) or camire 
(2 body weigbt~ (12 r&s). No variably than 
after intake of tba saline ~~ut~o~. IIn response tococnhe, 
the luminnl areas of diseased and nondiseased segments 
decreased, but the ignites of vas~~~~~t~o~ 
greater in Ibe diseased segments (mean f SD 29 * 
versus 13 f 8Q, p < 0.05). 
Thus, cocaine damps v~~o~~~~~n of di 
nondiseased coronary artery segments, bul its 
particularly marked in the former. 
(1 Am Cull ~~di~~ ~99ff;~~~7~-9~ 
As cocaine use has become widespread, numerous reports 
(l-3) have appeared of cocaine-associated morbidity and 
mortality related largely to central nervous ystem toxicity, 
but also to c~aine-induct my~dial ischemia nd infarc- 
tion (3-26). Cocaine produces central and peripheral dren- 
ergic stimulation by blocking the presynaptic reuptake of 
norepineph~ne and dopamine, leading to an excessive 
amount of these substances atpostsynaptic receptor sites 
(27). The resultant tachycardia and hypertension i crease 
myocardial oxygen demand and may induce ischemia in 
patients with severe coronary stenoses. In addition, adren- 
ergic stimulation of the coronary arteries may profoundly 
influence coronary blood flow @I-30), and cocaine-induced 
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adrenergic stimuIation of the coron~y vasculature in hu- 
mans has been shown to reduce myocardial oxygen supply 
by diminishing coronary blood flow (31). In short, cocaine 
exerts a det~menta~ in uence on myo~rdial oxygen supply 
and demand, leading to ischemia and, onoccasion, infarc- 
tion. 
Previous tudies have demonstrated that exercise (32,33), 
cigarette smoking (34) and exposure to cold (35) induce a 
decrease inco~nary blood flow in subjects with atheroscie- 
rotic coronary artery disease. In the case of exercise, 
coronary artery segments narrowed by atherosclerosis are 
pa~icularly sensitive to exercise-induced sympathetic stim- 
ulation. With both isometric (32) and dynamic (33) exercise, 
vasoconstriction is more marked in coronary artery seg- 
ments with stenosis than in nondiseased segments. Further 
evidence of enhanced vascular reactivity a  sites of athero- 
sclerotic na~owing is provided by the obse~ation that 
coronary artery spasm most often occurs at sites of stenosis 
(36,37). Because cocaine induces coronary vasoconstriction 
in a manner similar to exercise, smoking and exposure to 
cold (by means of alpha-adrenergic st~m~~at~o~), its effects 
may also be more pronounced in arterial segments hat are 
narrowed by atherosclerosis. The present study was per- 
formed to test this hypothesis. 
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Group I 
I 
2 
3 
4 
5 
6 
Mean 
+SD 
61:M 
58lM 
63/F 
61/F 
%&I 
55/M 
59 
3 
68 
66 
78 
58 
56 
52 
63 
10 
72 117 1127 7.96 9.14 
66 II8 128 7.79 8.45 
78 156 1.58 12.17 12.32 
54 169 150 9.80 8.10 
56 152 155 8.51 8.68 
52 135 l2t3 7.02 6.66 
63 141 141 8.88 8.89 
11 21 1.5 1.86 11.88 
Intranasal Cocaine 
GrOUQ lli 
7 57lM 80 85 143 197 11.44 16.75 
8 35lF 86 loo 130 142 II.18 14.X 
9 44lM 57 64 II? 121 6.38 7.74 
10 461EA 78 go I28 130 9.98 IO.411 
11 60/M 88 90 120 137 10.56 12.33 
12 60/M 66 66 178 183 11.75 12.08 
13 581M 80 82 1% 143 Il.28 81.93 
14 52/M 56 58 122 133 6.83 7.71 
15 56/M 80 78 198 190 15.84 14.82 
16 57lM 62 62 139 143 8.62 8.87 
17 47/M 64 72 134 140 8.58 1o.og 
18 67/M 80 80 il9 147 9.52 11.76 
Mean 53 73 76* 139 iSl* IO. 16 1 I.54’ 
+SD 9 I1 12 25 25 2.51 2.79 
*p < 0.05 in comparison with the corresponding baseline value. All data are mean values ? I SD. F = female; M = male. 
~at~e~~. The data were obtained from 18 patie 
(15 men and 3 women aged 35 to 69 years) ~~dergo~~g 
cardiac athete~zation f r the evaluation ofchest pain. The 
protocol was approved by the Human Subjects Review 
Committee of The university of Texas Southwestern Med- 
ical Center, and all patients gave writeen informed consent. 
None admitted to previous cocaine use. Antianginal medi- 
cations (beta-adrenergic blazing agents, calcium antago- 
nists and long-acting nitrates) were discontinued 24 h before 
study. All patients were studied in the fasting state after 
premedi~tion with diazep~ (5 to 10 mg orally). 
rotocol. In each patient, a 9F sheath was 
inserted percutaneously in the femoral artery, through which 
an 8F ~M~ins catheter was advance to the ostium of the left 
coronary artery. Systemic arterial pressure was measured 
through the sheath’s side port extension, and heart rate was 
determined by electrocardiographic (ECG) monito~ng. 
Baseline heart rate and arterial pressure were recorded, and 
cinean~ography of the left coronary artery was performed in
orthogonal views (right anterior oblique with caudal angula- 
tion and right anterior blique with cranial angulation). 
After baseline r~cordj~gs and c~~ea~g~ogra~hy, e ch sub- 
ject was assigned randomly to receive iatra~asa~ saline 
solution (Group I, n = 6) or a 10% cocaine solution (2 mg&g 
body weight) (Group II, n = 12). F~teen minutes later, 
hemodynamic measurements were repeated. A blood sample 
was obtained for measurement of serum cocaine concentra- 
tion, and cine~giography of the left coronary artery was 
performed in identical orthogonal views. 
ta analyst. In each patient, quantitative measure- 
ments were made of allcoronas stenoses (~50% reduction 
in luminal diameter) and a segment of normal-appearing 
artery on each side of each stenosis. Cine frames were 
selected at comparable points in the cardiac ycle, and 
computer-assisted quantitative analysis (Cardiovascular 
A~giograp~y Analysis Systems was pe~ormed w~tbo~t 
knowledge of which agent (saline or cocaine solution) was 
given, according to methods described previously (38). Ar- 
terial segments were optically rnag~~~ed an  video dictated 
from the 35 mm cinefilm. The contours of the selected vessel 
regions were detected automatically b the computer on the 
basis of the weighted sums of the first and second e~vative 
functions applied to the digitized image. Contour data were 
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Table 2. Arteriographic Data for the Two Groups 
Patient 
No. 
Cocaine 
Dose 
(mg) 
Serum 
Cocaine 
Concentration 
(mgjliter) 
Diseased 
Coronary 
Artery 
Average Area of Nondiseased Segments 
Proximal and Distal to Stenosis (mm’) 
Baseline After Drug % Change 
lntranasal Saline 
Area of Diseased Segment (mm’) 
Baseline After Drug % Change 
Group I 
I 
2 
3 
4 
5 
6 
Mean 
+SD 
- LAD 8.04 7.31 -9.1 2.72 2.49 -8.2 
- LCx OM 8.67 9.06 t4.5 I .67 1.98 tl8.6 
- - LAD 3.83 3.88 -+I.3 I .45 1.23 -15.2 
LCX 8.81 8.04 -8.7 3.05 3.40 t11.5 
- LCX 4.55 4.61 t1.3 0.66 0.62 -6.1 
- - LCX 4.22 4.49 t6.4 I.96 2.19 t11.7 
- LAD 7.65 6.83 - 10.7 I.21 0.99 -18.2 
6.54 6.32 -2.1 1.82 1.84 -0.8 
2.23 2.08 7.1 0.84 0.96 14.6 
lntranasal Cocaine 
Group II 
7 170 
8 II8 
9 I60 
IO I40 
II 145 0.09 
I2 205 0.10 
I3 200 0.10 
I4 I66 
I5 174 
I6 126 
I7 I75 
I8 180 
0.08 
0.05 
0.07 
0.14 
0.05 
0.05 
0.12 
0.07 
0.01 
LCx OM 5.68 5.54 
LAD 7.55 6.65 
LCx OM 5.22 3.66 
LAD proximal 3.48 3.11 
LAD mid 3.46 3.09 
LAD diagonal 3.40 3.03 
LAD I .47 1.30 
CCx OM 2.74 2.19 
LCX 3.43 3.20 
LCx OM 2.31 2.25 
LCx proximal 3.24 2.60 
LCx distal 3.04 2.50 
LAD 3.91 3.41 
LAD 7.40 6.29 
LAD 1.83 I.51 
LAD 8.44 7.90 
-2.5 0.99 0.83 - 16.2 
-11.9 0.87 0.53 -39.1 
-29.9 0.10 0.07 -30.0 
-10.6 1.35 0.95 -29.6 
-10.7 I .02 1.13 i-10.8 
-10.9 0.82 0.69 -15.9 
-11.6 I.15 0.32 -72.2 
-20.1 I .47 I .43 -2.7 
-6.7 I.61 0.65 -59.6 
-2.6 0.99 I.00 t1.0 
-19.8 I.21 0.43 -64.5 
-25.1 I .08 0.68 -37.0 
- 12.8 I.11 0.97 -12.6 
-15.0 0.97 0.71 -26.8 
-17.5 I.61 I.11 -31.1 
-6.4 3.91 2.24 -42.7 
Mean 163 0.08 4.16 3.64* -13.4 1.27 0.86* -29.3t 
&SD 27 0.04 2.10 1.92 7.6 0.79 0.50 23.4 
*p < 0.05 in comparison with the corresponding baseline value: tp < 0.05 in comparison with the percent change in the nondiseased segments. All data are 
mean values + I SD. LAD = letl anterior descending: LCx = left circumflex: OM = obtuse marginal branch. 
corrected for pincushion distortion, and absolute vessel 
dimensions were determined using the coronary catheter as 
a scaling device. The luminal diameter ofeach nondiseased 
and diseased arterial segment was determined, from which 
the cross-sectional area was calculated. The areas of the 
nondiseased arterial segments proximal and distal to each 
stenosis were averaged, yielding a single value. Thus, for 
each stenosis, we calculated the cross-sectional area of 1) 
the stenosis tself, and 2) the nondiseased segment ofartery 
adjacent to the stenosis. The variability of this analysis in 
our laboratory is similar to that previously reported (38). 
SMstical meth All results are reported as mean 
values + 1 SD. For ekh group, hemodynamic and arterio- 
graphic variables at baseline and dter administration f 
saline or cocaine solution were compared with a paired I test 
(39). The two groups were compared using Student’s t test. 
For all analyses, a p value X0.05 was considered significant. 
In the 18 patients, 23 coronary artery stenoses (7 from 
Group I [saline solution] and 16 from Group II [cocaine 
solution]) were analyzed; 12 were located in the left anterior 
descending coronary artery and 11 were in the circumflex 
coronary artery. The 12 Group II subjects received intrana- 
sal cocaine (126 to 205 mg), and the serum c~~ce~trat~on was 
0.08 5 0.04 mglliter (range 0.01 to 0.14). None developed 
chest pain or ECG alterations suggestive of ischemia in 
response to cocaine. 
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. Patient 14. An example of the quantitative analysis of the 
proximal circumflex coronary artery at baseline (A) and 15 min after 
cocaine (166 mg intranasally) ( 1. In response tococaine, the 
nondiseased segments of the artery proximal and distal to tht 
stenosis manifested a modest decline in cross-sectional area 
(19.80/o), whereas the diseased segment manifested a much greater 
decrease in cross-sectional area (64.5%). 
pttk (Table I). Heart rate, systolic arterial 
pressure and rate-pressure product increased after he ad- 
ministration ofcocaine. None of these variables was altered 
by intake of the saline solution. 
A~eri~~~~ic le 2). In the control patients 
(Group I), the saline solution induced nosignificant change 
in the cross-sectional area of diseased or nondiseased coro- 
nary artery segments. In contrast, cocaine caused vasocon- 
striction in both groups of segments, but the 15 diseased 
segments demonstrated a greater reduction in cross- 
tative analysis of t 
uces central and peripheral adrenergic sti 
ic reuptake of ~ore~i~e~~- 
sed routinely as a local 
o~ary~go~~gic procedures 
ical use, some of which 
coronary artery disease, 
there is little ~~fo~~atio~ about the in uence of cocaine on 
the coronary vascu 
recreational abuse 
understiod, this study was 
of cocaine on diseased and 
coronary artery segments, 
in the former. Cocaine 
a 13 + 8% decrease in the cross-sectional area 
adjacent nondiseased segments (p< 0.05) (Table 2 
intense vasoconstriction at sites of atherosclerotic narrowing 
was reported to occur during isometric (32) and dynamic (33) 
exercise despite the counterbalancing effects of a high per- 
fusion pressure and vasodilatory myocardial metabolites. In 
fact, the magnitude of exercise-induced coronary vasocon- 
striction was remarkably similar to that seen in our study; 
the luminal areas of diseased and nondiseased coronary 
artery segments decreased by 35% and l4%, respectively, 
during isometric handgrip exercise (32). and the cross- 
sectional area of diseased segments decreased by29% during 
supine bicycle xercise (33). 
coceiee4 am 
to cause enhanced vasoconst~ctio~ in 
diseased coronary artery segments by means of alpha- 
adrenergic stimulation. Cigerette smoking (34), 
cold (35) and cocaine inhalation (31) induce a 
coronary sinus blood flow in patients with coronary artery 
disease ven though myocardial oxygen demand increases. 
This “inappropriate” coronary vasoconstriction is mediated 
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by alpha-adrenergic st mulation, because it is alleviated by 
alpha-adrenergic blockade with phentolamine. It is hypoth- 
esized (48) that nondiseased coronary artery segments have 
a normal or only minimally deranged endothelium, with 
production ofsufficient endothelium-derived relaxing factor 
to counter completely or in part the vasoconstrictive effect 
of intense alpha-adrenergic stimulation. In contrast, dis- 
eased arterial segments with more ndothelial dysfunction 
have greatly impaired (or absent) production ofendothelium- 
derived relaxing factor. In the setting of intense alpha- 
adrenergic stimulation, these arterial segments demonstrate 
marked vasoconstriction (48). 
Pathophysiology f myocardial nfarction and sudden death 
in cocaine abusers. In the present study, we gave only 2 
mg/kg of cocaine intranasally, sothat our patients received 
126 to 205 mg, achieving aserum concentration f 0.01 to 
0. I4 mg/liter. At this concentration, the cross-sectional area 
of the 16 stenoses decreased by29 +- 23%, and in 3 instances 
it decreased by ~60% (Table 2). In contrast to this modest 
dose of cocaine, patients with cocaine-associated myocar- 
dial infarction or sudden death often have used much higher 
doses (>1,000 mg) and achieved a serum concentration as
much as 200 times higher (20 mglliter) (2, IO, 14,47,49,50). In 
all likelihood, an occasional cocaine user develops intense 
and sustained coronary vasoconstriction in response to a 
massive amount of cocaine, leading to ischemia, electrical 
instability, infarction or sudden death. Our data suggest that 
the patient with atherosclerotic coronary artery disease is 
probably at higher risk of having an ischemic event in 
response tococaine, particularly if the amount used is large. 
We acknowledge the skilled technical assistance of Randy Christian. Larry 
Carter, Nancy Smith. Martha Solo, Jacqui Jones, Carrie Mason and Kelly 
Sloan. 
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